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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a fuel cell stack 
diagnostic method capable of surely detecting the 
generation of a cross leak of a fuel cell stack without 
making specific equipment necessary. 

SOLUTION: Hydrogen-containing gas containing a 
constant concentration of hydrogen is supplied to a fuel 
electrode 1a of a fuel cell and oxygen- containing gas 
containing a constant concentration of oxygen is 
supplied to an oxidizing agent electrode 1b. The 
corresponding relation of the over time change of the 
supply amount of the oxygen-containing gas to the 
corresponding of voltage change over time in a fuel cell 
stack is recorded. When the change of generating voltage 
of the stack corresponding to the change of the supply 
amount of the oxygen-containing gas is sharp, that is 
detected as the generation of hydrogen leak in the 
stack. From the corresponding relation of the supply 
amount of the oxygen-containing gas to the voltage 
change over time in the stack 2. the amount of hydrogen 
leak in the stack 2 is calculated. When the amount of 
hydrogen leak is more than the amount of hydrogen leak 
in the normal state of the stack 2, that is decided as 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A cell formed across an electrolyte layer between a fuel electrode and an oxidizing 
agent pole, and a stack by which plural laminates were carried out so that said cell might 
mutually electrically be connected in series, A fuel gas manifold which supplies fuel gas to a fuel 
electrode in each cell, Supply hydrogen containing gas which makes a diagnosis subject a fuel 
cell provided with an oxidizer gas manifold which supplies oxidant gas to an oxidizing agent pole 
in each cell, and contains hydrogen of fixed concentration in said fuel electrode, and. Supply 
oxygen containing gas containing oxygen of fixed concentration to said oxidizing agent pole, and 
A change with time of the amount of supply of said oxygen containing gas, A correspondence 
relation with a change with time of voltage generated in said stack in connection with this is 
recorded, When change of a generated voltage of said stack accompanying change of the amount 
of supply of said oxygen containing gas is rapid, Detect that disclosure of hydrogen has occurred 
in said stack, and from a correspondence relation of a change with time of the amount of supply 
of said oxygen containing gas, and voltage generated in said stack. A diagnosing method of a fuel 
cell stack which computes a hydrogen leak rate in said stack, and is characterized by specifying 
generating of cross leakage when the hydrogen leak rate concerned is more than a hydrogen leak 
rate at the time of normal of said stack. 

[Claim 2]A cell formed across an electrolyte layer between a fuel electrode and an oxidizing 
agent pole, and a stack by which plural laminates were carried out so that said cell might 
mutually electrically be connected in series, A fuel gas manifold which supplies fuel gas to a fuel 
electrode in each cell, Supply hydrogen containing gas which makes a diagnosis subject a fuel 
cell provided with an oxidizer gas manifold which supplies oxidant gas to an oxidizing agent pole 
in each cell, and contains hydrogen of fixed concentration in said fuel electrode, and. Quantity of 
said oxygen containing gas which supplies oxygen containing gas containing oxygen of fixed 
concentration to said oxidizing agent pole, and is supplied to it for two or more cells of every or 
each cell of every is computed, A change with time of quantity of said oxygen containing gas 
supplied for said two or more cells of every or each cell of every, A correspondence relation with 
a change with time of voltage generated for two or more cells of every or each cell of every in 
connection with this is recorded, When change of a generated voltage for each cell of every for 
two or more cells of every in accordance with change of the amount of supply of said oxygen 
containing gas is rapid, A change with time of quantity of said oxygen containing gas which 
detects that disclosure of hydrogen has occurred for two or more cells of every or each cell of 
every, and is supplied for two or more cells of every or each cell of every in it, From a 
correspondence relation with a change with time with voltage generated in said stack for each 
cell of every for two or more cells of every in accordance with this. A diagnosing method of a 
fuel cell stack which computes a hydrogen leak rate for each cell of every for two or more cells 
of every, and is characterized by specifying generating of cross leakage when the hydrogen leak 
rate concerned is more than a hydrogen leak rate at the time of normal of each cell of every for 
two or more cells of every. 

[Claim 3]After intercepting current which said fuel cell is connected to a circuit which sends load 
current, and flows into load current from said stack, supply hydrogen containing gas which 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http://www4.ipdl.inpit.g... 7/7/201 1 



JP,09-027336,A [CLAIMS] 



Page 2 of 2 



contains hydrogen in said fuel electrode, and. A diagnosing method of the fuel cell stack 
according to claim 1 or 2 supplying oxygen containing gas containing oxygen to said oxidizing 
agent pole. 

[Claim 4]An oxygen content of said oxygen containing gas is a complement at a reaction with 
hydrogen of said hydrogen containing gas to reveal. 

And a diagnosing method of a fuel cell stack given in any 1 clause of Claims 1-3 being said 0.1% 
or less of oxygen containing gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the diagnosing method of the fuel cell stack for 
detecting the abnormalities caused in the fuel cell stack, and relates to the diagnosing method of 
the fuel cell stack for specifying especially generating of the cross leakage which is disclosure of 
fuel gas or oxidant gas. 
[0002] 

[Description of the Prior Art]A fuel cell is equipment which transforms into electrical energy 
directly the energy released with oxidation reaction by oxidizing fuel in the Electrochemistry 
Sub-Division process. Although power generation is performed through the process of thermal 
energy or kinetic energy, a power generation system like fire power and water-power generation, 
Since the power generation system by a fuel cell is direct electricity generation which does not 
pass through such a process, the chemical energy which fuel has can be exploited effectively 
and the high thermal efficiency of 40 to 50% can be expected also on a comparatively small 
scale. Since a combustion cycle is not included in a power plant, there are very few discharges 
of SOx and NOx used as the big social problem as a public nuisance factor in recent years. And 
cooling water is not necessarily needed for a large quantity, and since noise and vibration are 
small, it has the feature of excelling in the environmental capability extremely. 
[0003]Since it tends to use the heat generated with power generation as hot water supply or 
heating and cooling while the response of a fuel cell is good and it can expect high conversion 
efficiency theoretically to a load change, it is possible as a cogeneration (electric heat double 
wage) system to raise total energy efficiency. 

[0004]Such a fuel cell has composition sandwiched by the electrode (a fuel electrode and an 
oxidizing agent pole) of the couple for which the electrolyte layer holding an electrolyte generally 
used the porous material. And fuel gas is contacted at the back of a fuel electrode as reactant 
gas, and by contacting oxidant gas at the back of an oxidizing agent pole as reactant gas, 
electrochemical reaction is produced and electrical energy is taken out from inter-electrode.As 
an electrolyte, although there are an acidic solution, melting carbonate, an alkali solution, etc., 
the phosphoric acid fuel cell which used phosphoric acid is considered to be the closest to 
utilization now. 

[0005]An example of such a phosphoric acid fuel cell is explained below according to drawing 4 . 
That is, the power generation part of the fuel cell is constituted by the fuel cell stack 2. The fuel 
cell stack 2 is the layered product by which two or more cells 1 were laminated via the gas 
separating plate 3. 

[0006]The cell 1 is constituted by inserting the electrolyte layer 1c which impregnated 
phosphoric acid into the fuel electrode (anode electrode) 1a and the oxidizing agent pole 
(cathode terminal) 1b which use a porous material. In the fuel electrode 1a and the oxidizing 
agent pole 1b, the catalyst by platinum etc. is applied to the electrolyte layer 1c and the field 
which counters, respectively. And the fuel circulating groove where fuel gas, such as hydrogen, 
circulates is formed in the back of the fuel electrode 1a. The oxidizing-agent-flows groove where 
oxidant gas, such as oxygen, circulates is formed in the back of the oxidizing agent pole 1b. 



http://w\\w4.ipdl.inpit.go.jp^^ 7/7/201 1 



JP,09-027336,A [DETAILED DESCRIPTION] 



Page 2 of 12 



[0007]Such two or more the cells 1 and the gas separating plates 3 are laminated by turns, and 
the fuel cell stack 2 is constituted by inserting the cold plate 4 for every number of fixed 
laminations further.The gas separating plate 3 classifies the gas supplied to each of the fuel 
electrode 1a and the oxidizing agent pole 1b, and it is a component which secures the electrical 
link between the cells 1. Generally the fuel electrode 1a, the oxidizing agent pole 1b, the gas 
separating plate 3, and the cold plate 4 are made by each considering carbon as a material. The 
Reason for using carbon is because it excels in phosphoric acid-proof nature (corrosion 
resistance), heat resistance, electrical conductivity, and thermal conductivity and can 
manufacture by low cost. 

[0008]The collecting electrode plate 6 which takes out the current produced in the fuel cell 
stack 2 at the end of the upper and lower sides of the fuel cell stack 2 is arranged. On the other 
hand, in the side of the fuel cell stack 2, the gas manifold 5 which supplies and discharges fuel 
gas and oxidant gas is arranged at the fuel cell stack 2. 

[0009]The operation of the phosphoric acid type fuel cell which has the above composition is as 
follows. That is, in each cell 1 which constitutes the fuel cell stack 2, the hydrogen supplied to 
the fuel electrode 1a causes a reaction like the following formula 1 by operation of the catalyst 
applied to the fuel electrode 1a. 
[0010] 

[Mathematical formula 1] 

H z ^2H 4 + 2 e -SI 

The hydrogen ion (H + ) generated by the dissociative reaction of this hydrogen moves in the 
inside of the phosphoric acid stored in the electrolyte layer 1c, and arrives at the oxidizing agent 
pole 1b. 

[001 1]On the other hand, an electron (e " ) flows through an external circuit from the fuel 
electrode 1a, works through power load, and arrives at the oxidizing agent pole 1b. And a 
reaction like the following formula 2 occurs by operation of the catalyst applied to the oxidizing 

agent pole 1b with the hydrogen ion (H + ) which has moved from the fuel electrode 1a, the oxygen 

(0 2 ) supplied to the oxidizing agent pole 1b, and the electron (e " ) which has worked in the 

external circuit. 
[0012] 

[Mathematical formula 2] 

4H* +0 2 +4e~—2H 2 O .^2 

Therefore, in a cell, hydrogen oxidizes, and it becomes water and the chemical energy at this 
time turns into electrical energy given to external power load. Thus, the overall reaction as a cell 
of a cell is completed. Although the reaction in the above-mentioned cell 1 is an exoergic 
reaction, this heat is removed by pouring refrigerants, such as water, inside the cold plate 4 
inserted in stack 2 inside, and the temperature of the fuel cell stack 2 is kept constant. 
[0013] In a actual phosphoric acid fuel cell, as fuel gas, a steam (H 2 0) is added to the natural 

gas which mainly consists of methane (CH 4 ), it heats, and hydrogen like the following formula 3 

and the formula 4 generated by what is called a reforming reaction is usually used. 
[0014] 

[Mathematical formula 3] 

CH 4 +H 2 0-> 3H 2 +CO ...5«;3 

[Mathematical formula 4] 

CO + H 2 0-*H 2 fCO z ...jjU 

In this reaction, it is simultaneously generated by carbon dioxide (C0 2 ) with hydrogen. Therefore, 

the gas supplied to a fuel cell turns into mixed gas of hydrogen and carbon dioxide. Such quantity 
is like [ which can be disregarded ] although unreacted methane and carbon monoxide (CO) are 
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contained slightly. Hereafter, this mixed gas is called "fuel gas/' Since carbon dioxide is 
inertness electrochemically, even if a fuel cell is supplied, the above-mentioned reaction is not 
checked. Generally as oxidant gas, air is used. Although air mainly consists of nitrogen and 
oxygen, since nitrogen is also inactive gas, it is satisfactory even if a fuel cell is supplied. 
[0015] 

[Problem to be solved by the invention]By the way, in order for a fuel cell to generate electricity, 
each reactant gas fully needs to be supplied to the fuel electrode 1a and the oxidizing agent pole 
1b. However, a deficit etc. occur in the electrolyte layer 1c, and when fuel gas is revealed to an 
oxidizing agent pole or oxidant gas is conversely revealed to a fuel electrode (this phenomenon is 
hereafter called "cross leakage"), the following problems arise. That is, if cross leakage occurs, 
hydrogen in fuel gas and oxygen in oxidant gas react directly, and since it is consumed, fuel gas 
and oxidant gas for power generation will run short. Thus, when fuel gas runs short, a reaction 
will be concentrated on the neighborhood (near a fuel gas inlet) to which fuel gas is supplied, and 
the calorific value of this portion will increase compared with a normal state. In the portion which 
the direct reaction of hydrogen and oxygen has produced, reaction fever arises and the 
temperature of an electrode rises. 

[0016]If the fuel electrode 1a and the air pole 1b become an elevated temperature by such a rise 
in heat, degradation of evaporation of a phosphoric acid electrolyte, a catalyst, etc. currently 
stored in the cell will advance quickly, and will become the cause of shortening the life of a cell. 
Although the electrolyte layer has achieved the function which intercepts gas when phosphoric 
acid fills the fine pores of a porous body, if evaporation of phosphoric acid advances, the 
quantity of the liquid which was burying the fine pores of the electrolyte layer will decrease, and 
disclosure of reactant gas will become still more intense. 

[001 7]When shortage of fuel gas is remarkable, since a hydrogen ion is not supplied to the 
oxidizing agent pole 1b, the generation reaction of water does not occur near a fuel gas outlet. 
And the reaction by which carbon which is the material of an electrode like the following formula 
5 and the formula 6, a gas separating plate, and a cold plate is corroded instead of the 
generation reaction of water occurs. 
[0018] 

[Mathematical formula 5] 

C + 2H 2 0->C0 2 + 4H f + 4e" -5£5 

[Mathematical formula 6] 
C+H 2 0 — CO+2H 4 +2e~ 

If the corrosion reaction of such carbon advances, a deficit will arise in the main components of 
a fuel cell, and operation of a fuel cell will become impossible. And cross leakage may become 
intense further according to advance of this corrosion. 

[0019]When cross leakage occurs, the above inconvenience will arise with shortage of reactant 
gas, the voltage generated in a fuel cell stack as a result will fall, and the amount of electrical 
energy (production of electricity) will fall. 

[0020]In order to cope with generating of such cross leakage, in the conventional fuel cell, 
abnormalities are detected with the detection method based on an amplitude measurement. That 
is, it is supposed that the voltage of a fuel cell stack is measured, it judges that abnormalities 
occurred in the fuel cell when it became below constant value with measurement voltage, and 
subsequent correspondent treatment is performed. 

[0021]However, a blockade according [ the cause that the voltage of a fuel cell stack falls ] to 
the foreign matter of a gas supplying groove in addition to cross leakage, and the poor gas 
diffusion by the superfluous impregnation of phosphoric acid are considered. Therefore, in the 
abnormality detecting method only by the above amplitude measurements, it cannot be specified 
whether voltage fell by that voltage fell by cross leakage, or other causes, and the prompt action 
which receives unusually cannot be performed. 

[0022]Since this is coped with, how to detect cross leakage can be considered by measuring the 
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carbon dioxide levels in the gas discharged from an oxidizing agent pole. Since carbon dioxide is 
contained in fuel gas, if this method has disclosure of fuel gas, it will use that the concentration 
of carbon dioxide increases. However, since carbon dioxide is contained also in the air supplied 
as oxidant gas, when disclosure of fuel gas is little, it is difficult [ it ] to detect only the carbon 
dioxide by disclosure of fuel gas. 

[0023] How to detect cross leakage can be considered by measuring the hydrogen concentration 
in the gas discharged from an oxidizing agent pole. This method uses that hydrogen is contained 
for the gas which all hydrogen in the fuel gas revealed to the oxidizing agent pole does not 
always react to oxygen, and is discharged from an oxidizing agent pole. However, also in this 
case, when disclosure of fuel gas is little, detection becomes difficult. 

[0024]Since the equipment in which a gas chromatograph etc. are special in order to measure 
the concentration of the carbon dioxide in the above emission gas or hydrogen is needed, it 
becomes a high cost. And even if an abnormal occurrence is detectable with emission gas, since 
the gas discharged from all the cells of the fuel cell stack is mixed, the gas discharged from the 
outlet manifolds of an oxidizing agent pole cannot specify with which cell cross leakage has 
arisen. 

[0025]Are proposed in order that this invention may solve the problem of the above conventional 
technologies, and the main purpose, When cross leakage arises in a fuel cell stack, it is providing 
the diagnosing method of the fuel cell stack which can detect the generating certainly, without 
needing special equipment. 

[0026]The 2nd purpose is for specification of the cell by which it was generated to provide the 
diagnosing method of an easy fuel cell stack, when cross leakage arises in a cell with a fuel cell 
stack. 
[0027] 

[Means for solving problem]In order to attain the above-mentioned purpose, the diagnosing 
method of the fuel cell stack which is the invention according to claim 1, The cell formed across 
the electrolyte layer between the fuel electrode and the oxidizing agent pole, and the stack by 
which plural laminates were carried out so that said cell might mutually electrically be connected 
in series, The fuel gas manifold which supplies fuel gas to the fuel electrode in each cell, Supply 
the hydrogen containing gas which makes a diagnosis subject the fuel cell provided with the 
oxidizer gas manifold which supplies oxidant gas to the oxidizing agent pole in each cell, and 
contains hydrogen of fixed concentration in said fuel electrode, and. Supply the oxygen 
containing gas containing oxygen of fixed concentration to said oxidizing agent pole, and The 
change with time of the amount of supply of said oxygen containing gas, A correspondence 
relation with the change with time of the voltage generated in said stack in connection with this 
is recorded, When change of the generated voltage of said stack accompanying change of the 
amount of supply of said oxygen containing gas is rapid, Detect that disclosure of hydrogen has 
occurred in said stack, and from the correspondence relation of the change with time of the 
amount of supply of said oxygen containing gas, and the voltage generated in said stack. 
Compute the hydrogen leak rate in said stack, and when the hydrogen leak rate concerned is 
more than the hydrogen leak rate at the time of normal of said stack, Generating of cross 
leakage is specified. 

[0028]In the above invention according to claim 1, the hydrogen containing gas which contains 
hydrogen of fixed concentration in a fuel electrode from the fuel gas manifold of a fuel cell first 
is supplied. Simultaneously, the oxygen containing gas containing oxygen of fixed concentration is 
supplied to an oxidizing agent pole from the oxidizer gas manifold of a fuel cell. Then, although 
voltage occurs in a stack, when changing the amount of supply of oxygen containing gas 
temporally, a generated voltage also changes temporally. And the correspondence relation 
between the change with time of the amount of supply of such oxygen containing gas and the 
change with time of a generated voltage is recorded. For example, when it is made to change so 
that the amount of supply of oxygen containing gas may decrease gradually, the voltage 
generated in a fuel cell stack falls gradually, and the rate of the fall becomes large gradually. 
[0029]Thus, if the amount of supply of oxygen containing gas is decreased gradually, when 
disclosure of hydrogen will have occurred in a stack, in an certain amount of supply, voltage falls 
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rapidly. The method of this change of potential is decided by the concentration of the oxygen 
contained in oxygen containing gas, and quantity of the hydrogen revealed by the abnormalities 
of a stack. Since the concentration of oxygen and the concentration of hydrogen containing gas 
which are contained in the oxygen containing gas supplied are constant, they compute the 
quantity of the hydrogen revealed by the abnormalities of a stack from the correspondence 
relation of the change with time of the amount of supply of oxygen containing gas and the 
change with time of voltage which were recorded as mentioned above. 

[0030]However, since hydrogen in hydrogen containing gas dissolves in phosphoric acid which is 
an electrolyte in the state of a gas and this hydrogen that dissolved is spread in the oxidizing 
agent pole, disclosure of hydrogen of ultralow volume arises also in the stack at the time of 
normal, and the above changes of potential may be observed. The leak rate of hydrogen in this 
case is a grade no trouble is [ grade ] in operation of the usual fuel cell. For this reason, when 
the leak rate of the hydrogen for which it asked from the change of potential as mentioned 
above exceeds the leak rate of hydrogen at the time of normal, it is specified that it is cross 
leakage and it is determined whether continuation of operation of a fuel cell is possible. 
[0031]The diagnosing method of the fuel cell stack which is the invention according to claim 2, 
The cell formed across the electrolyte layer between the fuel electrode and the oxidizing agent 
pole, and the stack by which plural laminates were carried out so that said cell might mutually 
electrically be connected in series, The fuel gas manifold which supplies fuel gas to the fuel 
electrode in each cell, The fuel cell provided with the oxidizer gas manifold which supplies 
oxidant gas to the oxidizing agent pole in each cell is made into a diagnosis subject, The quantity 
of said oxygen containing gas supplied for two or more cells of every or each cell of every is 
computed, The change with time of the quantity of said oxygen containing gas which measures 
the voltage of said stack for two or more cells of every or each cell of every, and is supplied for 
said two or more cells of every or each cell of every, A correspondence relation with the change 
with time of the voltage generated for two or more cells of every or each cell of every in 
connection with this is recorded, When the change of the generated voltage for each cell of 
every for two or more cells of every in accordance with change of the amount of supply of said 
oxygen containing gas is rapid, The change with time of the quantity of said oxygen containing 
gas which detects that disclosure of hydrogen has occurred for two or more cells of every or 
each cell of every, and is supplied for two or more cells of every or each cell of every in it, From 
a correspondence relation with a change with time with the voltage generated in said stack for 
each cell of every for two or more cells of every in accordance with this. The hydrogen leak rate 
for each cell of every for two or more cells of every is computed, and when the hydrogen leak 
rate concerned is more than the hydrogen leak rate at the time of normal of each cell of every 
for two or more cells of every, generating of cross leakage is specified. 

[0032]In the above invention according to claim 2, the quantity of the oxygen containing gas 
supplied to an oxidizing agent pole for two or more cells of every or each cell of every is 
computed first. What is necessary is simply, just to divide the quantity of the oxygen containing 
gas supplied to the fuel cell stack by the number of cells in a fuel cell stack, if oxygen containing 
gas is uniformly supplied to the oxidizing agent pole of all the cells. Or it is also possible to 
compute the rate of distribution of oxygen containing gas beforehand with survey or other 
calculation methods. 

[0033]And the hydrogen containing gas which contains hydrogen of fixed concentration in a fuel 
electrode from the fuel gas manifold of a fuel cell is supplied. Simultaneously, the oxygen 
containing gas containing oxygen of fixed concentration is supplied to an oxidizing agent pole 
from the oxidizer gas manifold of a fuel cell. Then, although voltage occurs in a stack, when 
changing the amount of supply of oxygen containing gas temporally, a generated voltage also 
changes temporally. And the correspondence relation between the change with time of the 
amount of supply of the oxygen containing gas supplied for said two or more cells of every or 
each cell of every and the change with time of the voltage generated for two or more cells of 
every or each cell of every is recorded. 

[0034]If the amount of supply of oxygen containing gas is decreased gradually, in two or more 
cells or independent cells containing the cell which disclosure of hydrogen has generated, voltage 
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will fall rapidly in an certain amount of supply. The method of this change of potential is decided 
by the concentration of the oxygen contained in oxygen containing gas, and quantity of the 
hydrogen revealed by the abnormalities of the cell concerned. Since the concentration of oxygen 
and the concentration of hydrogen containing gas which are contained in the oxygen containing 
gas supplied are constant, they compute the quantity of the hydrogen revealed by the 
abnormalities of the cell concerned from the correspondence relation of the change with time of 
the amount of supply of oxygen containing gas and the change with time of voltage which were 
recorded as mentioned above. 

[0035]However, since hydrogen in hydrogen containing gas dissolves in phosphoric acid which is 
an electrolyte in the state of a gas and this hydrogen that dissolved is spread in the oxidizing 
agent pole, disclosure of hydrogen of ultralow volume arises also in the cell at the time of normal, 
and the above changes of potential may be observed. The leak rate of hydrogen in this case is a 
grade no trouble is [ grade ] in operation of the usual fuel cell. For this reason, when the leak 
rate of the hydrogen for which it asked from the change of potential as mentioned above 
exceeds the leak rate of hydrogen at the time of normal, it is specified when cross leakage has 
occurred in the cell concerned in either of two or more cells concerned, and it is determined 
whether continuation of operation of a fuel cell is possible. 

[0036]In the diagnosing method of the fuel cell stack according to claim 1 or 2 the invention 
according to claim 3, It is connected to the circuit which sends load current, and said fuel cell 
supplies the hydrogen containing gas which contains hydrogen in said fuel electrode, after 
intercepting the current which flows into load current from said stack, and it supplies the oxygen 
containing gas containing oxygen to said oxidizing agent pole. 

[0037]In the above invention according to claim 3, by opening the circuit which sends the load 
current provided in the stack, it will be in a power generation stop state, and the temperature of 
a stack will be stabilized at low temperature. Since a generated voltage will be stabilized if the 
temperature of a stack is stable, it becomes possible to measure the change of potential 
correctly. 

[0038]The invention according to claim 4 carries out that it is a complement and is said 0.1% or 
less of oxygen containing gas to a reaction with hydrogen of said hydrogen containing gas which 
reveals the oxygen content of said oxygen containing gas with the feature in the diagnosing 
method of a fuel cell stack given in any 1 clause of Claims 1-3. 

[0039]By making into 0.1% or less concentration of the oxygen contained in oxygen containing 
gas in the above invention according to claim 4, The rise of the potential of the oxidizing agent 
pole accompanying releasing the circuit which sends load current can be controlled, and a 
platinum catalyst becomes possible [ preventing the dissolution and the characteristics 
degradation by re-depositing and particles being enlarged (sintering) ]. 
[0040] 

[Mode for carrying out the invention]Hereafter, the embodiment of the diagnosing method of the 
fuel cell stack of this invention is described below with reference to Drawings. Identical codes 
are given to the element which is the same as the conventional example shown in drawing 4 , or 
corresponds, the explanation is omitted, and only a portion different here is described. In drawing 
1, it is drawn so that fuel gas (and hydrogen containing gas) and oxidant gas (and oxygen 
containing gas) may flow into a uniform direction within the fuel cell stack 2, but fuel gas and 
oxidant gas flow in the direction which intersects perpendicularly mutually as shown in Fig. 4 
actually. And in drawing 1 , the gas manifold 5 and the collecting electrode plate 6 are omitted. 
Although it simplifies and only the one cell 1 is shown, the fuel cell stack 2 shown in drawing 3 is 
actually formed by laminating two or more unit cells 1, gas separating plates 3, and cold plates 4, 
as shown in drawing 4 . 

[0041](D Describe below one embodiment corresponding to the diagnosing method of the fuel 
cell power plant which is invention 1st given in embodiment Claim 1 as a 1st embodiment. 
[0042](a) Explain an example of fuel cell power plant **** used as the diagnosis subject of a 1st 
embodiment, and the fuel cell power plant used for this embodiment according to drawing 1 . That 
is, the fuel gas supply pipe 1 1 and the exhaust pipe 12 are connected to the fuel electrode 1a in 
the fuel cell stack 2. Natural gas and the reformer (not shown) made to generate hydrogen by a 
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reforming reaction from a steam are connected to the fuel gas supply pipe 1 1 as a supply source 
of fuel gas. The oxidant gas feed pipe 13 and the exhaust pipe 14 are connected to the oxidizing 
agent pole 1b. The blower etc. which send air are connected to the oxidant gas feed pipe 13 as a 
supply source of oxidant gas. 

[0043]The flow control valve 1 5 which adjusts the flow of the gas which flows through the inside, 
and the flow instrument 16 which measures the flow of gas are formed in the oxidant gas feed 
pipe 13. And the recording equipment 20 is connected to the flow instrument 16. The flow rate 
value measured by the flow instrument 16 is changed into an electric signal, is sent to the 
recording equipment 20, and has the composition that a time change of a flow is recorded by this 
recording equipment. The oxygen containing gas feed pipe 18 which formed the selector valve 17 
is connected to the oxidant gas feed pipe 13. The gas bomb 19 into which the gas which mixed 
0.1% of oxygen to nitrogen was put as a supply source of oxygen containing gas is connected to 
this oxygen containing gas feed pipe 18. 

[0044]On the other hand, via the current line 31, a direct current taken out from the fuel cell 
stack 2 is changed into alternating current by the inverter 33 through the switch 32, and has 
composition supplied to power load of the exterior which is not illustrated. The voltmeter 34 
which measures voltage generated in the fuel cell stack 2 is connected among two poles of the 
fuel cell stack 2. A value of voltage measured with the voltmeter 34 is sent to the recording 
equipment 20, and has composition that a time change is recorded with this recording equipment. 

[0045](b) Describe this embodiment using an operation, next an above-mentioned fuel cell power 
plant of a 1 st embodiment according to a procedure of the enforcement. 

[0046]** When an above-mentioned fuel cell power plant is in a power generation state from a 
power generation stop to supply of oxygen containing gas and hydrogen containing gas, as shown 
in drawing 1, the selector valve 17 is opened in the direction which supplies oxidant gas 
(generally air) to the oxidant gas feed pipe 13. Since the switch 32 is in a closed circuit state, 
current is flowing into all of load (not shown) of the fuel cell stack 2, the current line 31, the 
inverter 33, and the exterior. 

[0047]In order to enforce a diagnosing method by this embodiment to the above fuel cell power 
plants, it is necessary to change a fuel cell power plant first into a power generation stop state 
from a power generation state but, and this is generally performed as follows. That is, supply 
inactive gas, such as nitrogen, to the fuel electrode 1a and the oxidizing agent pole 1b, and fuel 
gas and oxidant gas are discharged compulsorily, and the switch 32 is opened and current which 
is flowing into the fuel cell stack 2 is intercepted. 

[0048]Thus, since potential of an oxidizing agent pole will rise if a circuit which sends load 
current is opened, a platinum catalyst re-[ the dissolution and ] deposits and particles are 
enlarged (sintering). Then, since activation polarization increases with reduction of surface area 
of a platinum catalyst and phosphoric acid flows into fine pores of a catalyst bed, the diffusibility 
of gas may fall and a fall of the characteristic which makes an increase in diffusion polarization, 
etc. a cause may advance. However, in this embodiment, a rise of potential of an oxidizing agent 
pole is controlled by making into 0.1% or less concentration of oxygen contained in oxygen 
containing gas. 

[0049]After suspending power generation as mentioned above, change the selector valve 17, 
oxygen containing gas is made to flow into the oxidant gas feed pipe 13, and oxygen containing 
gas is supplied to the oxidizing agent pole 1b. Hydrogen containing gas is supplied to the fuel 
electrode 1a from the fuel gas supply pipe 1 1. 

[0050]** detection of a generated voltage — if oxygen containing gas is supplied to the oxidizing 
agent pole 1b as mentioned above and hydrogen containing gas is supplied to the fuel electrode 
1a, voltage will occur in the fuel cell stack 2. And if the amount of supply of oxygen containing 
gas supplied to the fuel cell stack 2 is changed when cross leakage has occurred in the fuel cell 
stack 2, voltage generated in the fuel cell stack 2 will change as follows. 
[0051 ]For example, if the amount of supply is decreased when it is the amount of supply of 
oxygen containing gas which about [ 0.6-0.8V ] voltage generates per cell, voltage falls gradually. 
And when cross leakage has occurred in the fuel cell stack 2, if it becomes below a value with a 
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flow, voltage will fall rapidly and will be about 0.1 -0.2V per cell. 

[0052]The amount of supply of such oxygen containing gas is measured by the flow instrument 
16, and a generated voltage is measured by the voltmeter 34. Those measured value is sent to 
the recording equipment 20, and is recorded for every fixed time. The graph which shows a time 
change of the relation of the amount of supply of oxygen containing gas and the generated 
voltage which were recorded in this way is shown in drawing 2 . If it becomes below a value with 
the amount of supply of oxygen containing gas so that clearly from this graph, the phenomenon 
in which voltage falls rapidly will happen. 

[0053]** The sag phenomenon of the relation above of the amount of supply of oxygen 
containing gas, voltage, and change can be explained as follows. First, the current which flows 
into a cell is 0, and the voltage E generated with a cell is theoretically expressed by Nernst's 
equation like the following formula 7, when the oxygen density in C H and oxygen containing gas is 

set [ the temperature of a cell ] to Co for the hydrogen concentration in T and hydrogen 

containing gas. 

[0054] 

[Mathematical formula 7] 

E-E Q + (2. 3RT/2F) log (C fl • C o 1/2 ) 
= E 0 + (2. 3RT/2F) log(C H ) 

+ (2. 3RT/4P) log (Co) .«S7 

Here, E Q is called standard electromotive force, and although it is 1.23V at the time of 25 **, it 

changes with temperature. R is 8.31 (J/mol-K) and F is 96485 (C/mol) in a Faraday constant at 
a gas constant. 

[0055]However, since only the change of potential should be measured here although E Q is lower 

than a theoretical value when it actually measures, the difference from the theoretical value of 
E 0 is not important. When cross leakage has arisen, the inclination of the voltage E to the 

logarithm (log (Co)) of an oxygen density is larger than 2.3RT/4F, The difference is almost equal 
to the value (inclination [ on the relation between the current I which flows into a cell, and the 
voltage E generated with a cell, and as opposed to the logarithm logl of current ] of the voltage 
E) generally measured as Tafel inclination. Therefore, experimentally, when the Tafel inclination is 
set to b, the relation with the oxygen density Co in hydrogen concentration C H in the voltage E 

and hydrogen containing gas and oxygen containing gas is expressed like the following formula 8. 
[0056] 

[Mathematical formula 8] 

E-E Q + (2. 3RT/2F) log (C„ ) 

+ Cb + 2. 3RT/4F) log (Co) -5£8 

Here, there are a deficit etc. in the electrolyte layer 1c etc. in a fuel cell power plant, and 
suppose that it is in the state where cross leakage occurs at the time of operation. In this case, 
if oxygen containing gas is supplied to the oxidizing agent pole 1b as mentioned above and 
hydrogen containing gas is supplied to the fuel electrode 1a, hydrogen containing gas will be 
revealed to the oxidizing agent pole 1b. Then, oxygen of the oxygen containing gas supplied to 
the oxidizing agent pole 1 b is consumed by a reaction with hydrogen, and an oxygen density falls. 

[0057]Supposing the whole quantity of the revealed hydrogen reacts to oxygen of an oxidizing 
agent pole, oxygen density Co out in the oxidant gas exit of a cell is expressed [ amount of 
supply / of Co ,n and oxygen containing gas ] like the following formula 9 in the oxygen density in 
oxygen containing gas, when the leak rate of S and hydrogen is set to L. 
[0058] 

[Mathematical formula 9] 

Co out - (Co in xS-L/2) /S 
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Therefore, if (the formula 8) (formula 9) is doubled, relation between the amount of supply of 

oxygen containing gas and voltage can be found like the following formula 10. 

[0059] 

[Mathematical formula 10] 

E = E Q + (2. 3RT/2F) log (C g ) 

+ (b + 2. 3RT/4F) I o g ( (Co in xS-L/2) /S) 

1 0 

In the above (formula 10), although a value will emit at the time of Co ,n xS<=L/2, At this time, all 
oxygen of an oxidizing agent pole is actually consumed by a reaction with hydrogen, an oxidizing 
agent pole has also become a hydrogen atmosphere, and it is thought that about [ 0.1 -0.2V ] 
voltage produces it since a cell is in a state of a concentration cell of hydrogen. 
[0060]Also when cross leakage has not arisen, the above changes of potential are observed. This 
is for the phenomenon same since hydrogen in hydrogen containing gas dissolves in phosphoric 
acid which is an electrolyte in the state of a gas and this hydrogen that dissolved is spread in an 
oxidizing agent pole to arise as cross leakage of ultralow volume has arisen. This quantity is a 
grade no trouble is [ grade ] in operation of the usual fuel cell. For this reason, only when a leak 
rate of hydrogen by cross leakage for which it asked by an above-mentioned method is over 
upper limit (leak rate of hydrogen at the time of normal) defined beforehand, it will be judged that 
it is unusual. 

[0061]** From the relation of the oxygen containing gas amount of supply and voltage as shown 
in calculation drawing 2 of the leak rate of hydrogen, in order to calculate the leak rate L of 
hydrogen, perform it as follows. 

[0062]Most simply, in Fig. 2, since it will be Co' n xS E =L/2 as shown in (the formula 10) if oxygen 
containing gas amount-of-supply S E when voltage falls rapidly is measured, the value of the leak 
rate L is calculated from the oxygen density in oxygen containing gas, and the value of S £ . 
[0063]When voltage E 1 at the time of oxygen containing gas amount-of-supply S t and voltage E 2 
at the time of amount-of-supply S 2 are measured, it is [Mathematical formula 1 1] from (the 
formula 10). 

Ej -E 2 (Co ln xS 1 -L/2) /S 1 

= (b + 2. 3RT/4F) log 

(Co in xS 2 -L/2) /S 2 

-ai i 

Since it becomes, (the formula 1 1) can be solved and the leak rate L can be calculated. If fitting 
[ the measurement result of Fig. 2 / (the formula 10) / with the least square method etc. ] by 
making L and E Q into a variable in order to ask still more correctly, it can ask for L. And when 

the leak rate L of the hydrogen called for as mentioned above is over the upper limit (hydrogen 
leak rate at the time of normal) defined beforehand, it will be judged that cross leakage has 
occurred. 

[0064](c) the effect of a 1st embodiment — the effect of these above embodiments is as 
follows. That is, since the leak rate of hydrogen by cross leakage can be detected without 
needing special equipment, such as a gas chromatograph, generating of cross leakage is certainly 
detectable. 

[0065]Thus, in [ when generating of the cross leakage in a fuel cell power plant is detected ] 
subsequent operation, The amount of supply of fuel gas and oxidant gas is made to increase, lack 
of reactant gas is kept from arising, or the reliability as a power plant can be raised by the 
method of exchanging fuel cell stacks. 

[0066]Since it is performed after diagnosis opens the circuit which sends load current, stops a 
power generation state and reduces the temperature of the fuel cell stack 2, the temperature of 
the fuel cell stack 2 becomes fixed, standard electromotive force is stabilized and a detection 
value becomes exact. 
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[0067]Since the concentration of the oxygen contained in oxygen containing gas is 0.1% P the rise 
of the potential of the oxidizing agent pole accompanying releasing the circuit which sends load 
current is controlled. Therefore, a platinum catalyst is enabled to prevent the dissolution and the 
characteristics degradation by re-depositing and particles being enlarged (sintering), and 
influence which diagnosis has on a fuel cell power plant can be lessened. 

[0068](2) Describe below one embodiment corresponding to the diagnosing method of the fuel 
cell power plant which is invention 2nd given in embodiment Claim 2 as a 2nd embodiment. 
[0069](a) Explain an example of fuel cell power plant **** used as the diagnosis subject of a 2nd 
embodiment, and the fuel cell power plant used for this embodiment according to drawing 3 . The 
same mark is given to the same component as the fuel cell power plant used for a 1st 
embodiment, and explanation is omitted. That is, whenever, as for the fuel cell stack 2, the fixed 
number of pieces laminates the cell 1 and the gas separating plate 3, the cold plate 4 is inserted. 
Two or more cells 1 between this cold plate 4 and cold plate 4 and the group of the gas 
separating plate 3 are called "sub stacks." And the voltmeter 34 which measures the voltage 
generated for such every sub stacks or each cell of every is formed. 

[0070](b) Describe this embodiment using an operation, next the above-mentioned fuel cell 
power plant of a 2nd embodiment according to the procedure of the enforcement. The same 
procedure as a 1st embodiment simplifies explanation. 

[0071]the quantity of the oxygen containing gas supplied to measure, each sub stacks, or each 
cell 1 is computed by survey or calculation. What is necessary is just to easy usually divide the 
quantity of the oxygen containing gas supplied to the fuel cell stack 2 whole by the number of 
sub stacks, or the number of the cells 1, since gas is supplied to each cell 1 almost uniformly. 
[0072]And like a 1st embodiment, a fuel cell power plant is changed into a power generation stop 
state, oxygen containing gas is supplied to the oxidizing agent pole 1b, and hydrogen containing 
gas is supplied to the fuel electrode 1a. The amount of supply of oxygen containing gas is 
measured by the flow instrument 16, and the amount of supply of the oxygen containing gas for 
each cell of every for every sub stacks is computed as mentioned above. The generated voltage 
for every sub stacks or the generated voltage for each cell of every is measured by the 
voltmeter 34. Each oxygen containing gas amount of supply and generated voltage for every cell 
for every sub stacks are sent to the recording equipment 20, and are recorded for every fixed 
time. The graph which shows a time change of the relation of the amount of supply of oxygen 
containing gas and the generated voltage which were recorded in this way is similarly indicated 
to be drawing 2 . 

[0073]Based on the relation of this oxygen containing gas amount of supply and generated 
voltage, the leak rate of hydrogen for each cell of every for every sub stacks is calculated like a 
1 st above-mentioned embodiment. And when there is the sub stacks or the cell 1 with which the 
calculated leak rate which was carried out in this way is over the upper limit (leak rate of 
hydrogen at the time of normal of corresponding sub stacks or the cell 1) defined beforehand, It 
will be judged that cross leakage has occurred in one of the cells 1 or the cells 1 concerned of 
the sub stacks concerned. 

[0074](c) the effect of a 2nd embodiment — the effect of these above embodiments is as 
follows. That is, since the leak rate of hydrogen by cross leakage can be detected like a 1st 
embodiment, without needing special equipment, such as a gas chromatograph, generating of 
cross leakage is certainly detectable. 

[0075]Since generating of cross leakage is detectable for each sub stacks of every or each cell 
of every, it becomes easy to specify in which cell abnormalities have arisen. Therefore, only the 
large cell 1 or sub stacks of the amount of cross leakage can be removed, and a fuel cell power 
plant can be succeedingly operated only with the normal cell 1 by exchange, bypassing 
electrically, etc. 

[0076] While the fuel cell stack 2 is generating electricity, the difference has arisen to 
temperature according to each cell 1 or a difference of the position of the plane direction in one 
cell. However, since the circuit which sends load current was opened and power generation is 
suspended like a 1st embodiment before diagnosing when carrying out this embodiment, the 
temperature of the fuel cell stack 2 is falling to about 1 appearance. Therefore, the temperature 
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of the fuel cell stack 2 becomes fixed, standard electromotive force is stabilized and a detection 
value becomes exact. 

[0077](3) Other embodiment this inventions are not limited to the above embodiments, and the 
quantity of each component used, a kind, the procedure of enforcement, etc. can be changed 
suitably. 

[0078]For example, in the above-mentioned embodiment, although the content of oxygen in 
oxygen containing gas was 0.1%, as long as it is 0.1% or less, other values may be sufficient. As a 
supply source of oxygen containing gas, the method of mixing nitrogen gas other than a gas 
bomb at a fixed rate to air is also possible. 

[0079]Even if the fuel gas used for power generation is used for the hydrogen containing gas 
supplied to the fuel electrode 1a, the mixed gas of inactive gas and hydrogen, such as pure water 
matter gas supplied from a gas bomb etc. or nitrogen, may be used for it. Since that influence is 
great when cross leakage has arisen in the higher one, the concentration of hydrogen in this 
hydrogen containing gas is advantageous to detection of cross leakage, but if hydrogen is 
contained at least 1% or more, detection will be possible and will not have an adverse effect on a 
fuel cell stack. However, it is necessary to make it concentration not change with time. 
[0080]Fuel gas and oxidant gas were made to discharge compulsorily by supply of inactive gas 
before implementation of diagnosis in the above-mentioned embodiment from the fuel electrode 
1a and the oxidizing agent pole 1b. However, since fuel gas can be used as hydrogen containing 
gas as it is as mentioned above, it is not necessary to supply inactive gas to the fuel electrode 
1a. 

[0081 ]In the above-mentioned embodiment, it was diagnosing, after stopping the power 
generation state and reducing the temperature of the fuel cell stack 2. This is for stabilizing 
standard electromotive force and expecting the accuracy of a detection value by making 
temperature of the fuel cell stack 2 regularity. Therefore, as long as it keeps temperature from 
changing by time by the device of improving the structure of the cold plate 4, and the 
performance of a refrigerant, it may diagnose with temperature when operating. Since the one 
where temperature is higher is easy for detection of cross leakage, it becomes easy to detect 
the direction of diagnosis by an operating temperature of cross leakage. However, since 
degradation of the catalyst bed of a cell, evaporation of phosphoric acid, etc. will be accelerated 
if it becomes an elevated temperature, it is not so preferred to make temperature high more 
than an operating temperature. 

[0082]Although the fuel cell power plant which was the target of the above-mentioned 
embodiment already continued fixed time use and was performed, this invention is applicable also 
to fuel cell power plants other than this. For example, after manufacture of a fuel cell power 
plant is completed, before starting generating operation, the above-mentioned embodiment is 
also applicable. 
[0083] 

[Effect of the Invention]According to above this inventions, from the correspondence relation of 
the change with time of the amount of supply of oxygen containing gas, and the voltage 
generated in a stack. By computing the hydrogen leak rate in a stack, and specifying generating 
of cross leakage, when the hydrogen leak rate concerned is more than the hydrogen leak rate at 
the time of normal of said stack, The diagnosing method of the fuel cell stack which can detect 
generating of cross leakage certainly can be provided without needing special equipment. 
[0084]According to this invention, the amount of supply of the oxygen containing gas for each 
cell of every for two or more cells of every, From the correspondence relation of a change with 
time with the voltage generated for two or more cells of every or each cell of every. By 
computing the hydrogen leak rate for each cell of every for two or more cells of every, and 
specifying generating of cross leakage, when the hydrogen leak rate concerned is more than the 
hydrogen leak rate at the time of normal of each cell of every for two or more cells of every, The 
diagnosing method of the fuel cell stack which can distinguish certainly the cell which cross 
leakage generated can be provided. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram showing an example of the composition of the fuel cell power 
plant for enforcing the diagnosing method of the fuel cell stack by a 1st embodiment of this 
invention. 

[Drawing 2] It is a characteristic figure showing an example of the relation between the amount of 
supply of the oxygen containing gas supplied to the fuel cell stack in the fuel cell power plant of 
drawing 1 , and the voltage generated in a fuel cell stack. 

[Drawing 3] It is a block diagram showing an example of the composition of the fuel cell power 
plant for enforcing the diagnosing method of the fuel cell stack by a 2nd embodiment of this 
invention. 

[Drawing 4] It is an exploded perspective view showing the example of composition of a common 
phosphoric acid fuel cell. 
[Explanations of letters or numerals] 

1 — Cell 

2 — Fuel cell stack 

3 — Gas separating plate 

4 — Cold plate 

5 — Gas manifold 

6 — Collecting electrode plate 

1 1 — Fuel gas supply pipe 

1 2 — Fuel gas exhaust pipe 

13 — Oxidant gas feed pipe 

14 — Oxidant gas exhaust pipe 

1 5 — Flow control valve 

16 — Flow instrument 

17 — Selector valve 

18 — Oxygen containing gas feed pipe 

1 9 — Oxygen content gas bomb 

20 — Recording equipment 

31 — Current line 

32 — Switch 

33 — Inverter 

34 — Voltmeter 

41 — Electrode holder 

42 — Gas seal 

43 — Heater 
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-* 2 H, 



, ) £. ?f3W5IS8-Cf±**Ur*fc^ (e- ) ticj: 
©5S2 ©<fc 5 %jsi&*sec 4. 

[0012] 

-5£2 



(C. C©£ #©fb^x^;l/=r-»^g|5©m^Sl(§f(C-^x 
rtgpfcif a s n r ^ 4 »iP« 4 ©rta.«c*tt £*©^?r 



[«4] 



CH 4 +H 2 0-3 H 2 +CO 



CO + H 2 0-H 2 +C0 2 



CWStE-Cii. *3Rift«crBMtK3R (CO, ) 4>I§JB# 

^fbj^ (co) 4>ii*^«c*5e,^$n-t:c>-5^. 

x©c£?r r«f4^j tmr&. ~iKbe8Rtt«Sift 

©Sjc£;*ia*-r4c £«%(,»„ s/c. S!ftsij*'x<i:ur 



★ [0013] s/c. ^bkd >; >tts«***ift-craa». 
j^f4**x£ur«. =E£br^^> (CH. ) 
^**xcc7k^« (H, O) ^rftnxrttiisio. ^©sc 
.3. ^4©<fc i 5/i:. (,»*>«9>45fcSS(c«KJ:or^3-& 

[0014] 



-*4 

[0015] 

50 UA^L/. SfiSKBl cKXfflf^SiC, j^$4**x*s^ 



(4) 

5 

3R#fi«{CKj£U ffiJtSftSfcab. #WOtea&©«14 

£M/x «kfs 0 /dt^cc « . R(6ttfl»//x (DtRtfr 5 ft 
SttiE APftifi) KH+U C©«»©ja» 

[0016] COd:^ MUtfcJHC «fc 1 aStf 

C+2H 2 0-C0 2 +4H f +4 

UR6] 

C+H 2 0 — CO + 2H + + 2e" 

0 \ & & c <b 4> <j o 
[00 19] ^DX'J-^^^i, EJfotf*©* 

[0020] ccDct^a^uxy-^cD^ic^-r-s 

[0 02 1] * 2r<D*EEtf 

ccfcSHS, y>»©««l«««:J:*//xaift^«fe 
#x.6ft£o ffiot, ±E©J:9tt»EW3e©*K:J:S 
Wttfcfctfrffi-Ctt. *P*y-*tcJ:g*E:W6TLfc 

[002 2] CftK#®lT£fii$!>. Kffc»lffia»6gftH3 

4&<Dr*5. UsfeU »ifc»J^4Lr«Jt&3ftS?g 
ftUc &r AM tKXft*d *ht^Sfc». «f* cd® a 
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m/cur^s^ % y>Bwoasft3&s»ff-r*&. «whjb 

[0017] 2 «M4#*©^S#*tA>»^ «K 
*4#xtBP«ifi-c«. BKtffil&l btc*3M 

^x^iMo'^sotffit^ s«3R*5jatfts ft£S 

[0018] 
[«5] 

---5*5 



•-5*6 

[0 02 3] 4fc. KftfflS^eSfffiStiS-//^*©* 

f QM«^ 6 SEtH Sns^ CCtt**#£* ft TC> 4 C <h 
[0 024] 3 K±©«t^tt»U^*©^ilft 

dx y-^^DrtiS^ittje-rscittrdac*. 

[002 5] *mtiZ* tt±© «fc 5 ttSE3tettWORU 

4^cc, «F*a«KftiiW4-&rK: 1 -eo^^ffin&c 

[0 02 6] »20im, «Sf4*?fe^^^^O*4# 
[0 02 7] 

[8ra*»«-r *&«>©#©] iiscDga^^ii^-r^/c 



(5) 

7 

»c mi * jgm&cf&waz * **b*4 *>' x * 

-JU Ft. «flMKft«:*5W4Wt«iJ««:»{ldW*^*« 

K&TZMitmtfX-?-*-^ F 4 *fll 

W*l«t4 0 . iWiB«*4ffi«c-£©«a©***£tr** 

%eyer 4 4«{c. ffire«f bawsjc-jeojaix 

fcc » r »*fe-r S «E©«^K@E f b 4 0*tt&PHft*Eft 

*©^«E©gtfta«!6*ttt|£K:. iiiax* ^tcte io 
i>r*£©ti&A5ffc£ori,»sc4£tfc*nb.* H?lBi$« 
^.^©fiti&aiareBx* » ^ccfc^r^-r-snEE 

4©^WSWfc©*tt6HfcA>e>. HEX* ? jrfcfett* 
©iESB#{C*jWi*S5«^fi«±-C*Sti^-{C. 
[0 028] tl±© J: 5 1 BBl6©f8WC«. $ 

$*4®fk©6SMb<W#x h K*»e.»{b»iffi«:— s 20 
©»l»DBt***MJJR*fr#* ?:«$&-r 
X£ :/ >fC4jOTSE*^tt5* J . ®S^W#X©{£ 
)!&M*MB$6tytSft3 if/it f?. f£* SEE is *P* (ft tc ^ 

ffc-r&. -eu-c. c©j;9^it^w*'^©«*&a©s 
ft£. wztt. wm^mtfw&j&mwxmit'pu^tji 

[0 029] C©£ 5 CC®g|^W#X©f*|&S*&* K 30 
j^5tto<i. x*9?«:46%>r*5g©i8?S##S£ 
u r i. > 5 JS^tc « . $> 5 m&m<c *>- 1 > r hee a^skc <g 

C©mjl©^k©f±*«. K5R^W#XK#3! 
4a-5>S^©rSSt. x* f ^©S^JCfcorigars* 
5£©S(Ccfcorjfc*-5. {JU&<*ftS$3S^W#x(c.&£ 
4a £ I§5St©?gg 4 # x ©?SS«— St A 5 

±ie©ct 9 cciafa£ftfc^^w#x©f&t£a©ii 
iswggft 4 wEsMs&itm 1 1 ©*t{&Nffi*> h . x * ? 

[0030] /c/cL-. ^S^W^'X^©*?^. ^Ji*?f 40 

>®te»f*©tKfl§-ei§BSU C©fgB?Lfc7kJR 
tmilMW^tufSLVX^ < Alto. iE?£B$<DX * v ^(C*J 
or 4>@S£S©*3l©iIffi#£ 0 . _hf2©J: "5 frUK© 

«. a«©j8»*W*©iWE«:tt*< 3E»©Scc»gfi-C* 
5. C©/ctf>. ±!2©<fc ; 54C^E©^fb^6^«)/c7k^ 
©ii«fi#. IE^{c:tet:f£*£©«^*jfixfct§£ 
tc. *ax 'J-?t*5i#S3n. j!«f4S?(fe©SiS© 

[003 1] fit#JS 2 SffiK©«W"Cft **Rf*Wfe;* £ 9 50 
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-7-*-n/ F4. #^«?ife{c*jctSK-fbSfiIffiK:K-fba«J^ 
•S^fbiWtfx-?-*-.^ F i*»itfcj|«»* 
?fe£!£»t*t^4 U JS^©#^?ifec:i {cxtiffl'? ©#H 

iex £ * ?©ie^, a^t©msfikc:iw:x«<i^©^ 

#s?tkcr i n £B5f2^*^w#x©a©*P$tt 
afti . c ftccf^o raafe©#«ikcr itcx«ffl* ©* 

K**©»swj«£i,rt»sc&*iftsit,. tmvmn 
m c t ccx urn * ommm c 4 cc 3 ft s s?ie^# 
w^x©fi©MB#e<)Sfi:<i:. cn«c^^a«t©*«ficr 
t ©x«(i ©ms?fe c t ©mis x ^ ^ tc ** t ^ r #s£ 
-rs^E<h©MB#^ft4©>Ffic;ra^*^. a^©#^ 

tfeC 4 ©X«<! ©#«t C 4 ©4c3R ffiUt^fftti U . 
^tititiffitiSMfr* ftfi[©MS?fecr4©.3?.»(l^ ©m^ 
?feC 4 ©iE^fCfctt i*3R«»«st±r * «*»^«: . 

[0 032] JJl±©«fc 5&59#^2§a*B©fSW-Ctt. * 

r. »»©#«ffec:4«:x»ffl^ ©*«t cr ttcKfbffi 

«. )8m«?fex$^^«:tei,»r. ^r©m*m©K{bSil 
mmmic mm^m xzfimte s ft s a 6 a . 

9 fcc«&3ftfcK5S^w^x©a*m®fi©»r 

f(ft«J:i<^ 4>0<«. |QHX«te©tf»*«fe«:<fc»)» 

[0 033] MS»(ffi^7ijh-jl, F 

*> h «H4ffi«:-3e©ift0E©*« **^W**x * fft 
I^NffC. ^f4^?fe©^fbSiJ**xv-^-;UFA^ 

6»{b»iecc-ffi©aa!:©M«**«fB«*«r//x*« 

^^W^x©tt^a^MB#W(c^fb5ti/c4*. ^ 

WEfc«»SKKcge{tT*. -e-u-c. it^©Miams?tfec: 
4 ccx«f@^ omm&ci. icm&sti ■sn^w^'x© 

fUMosnffBCf b 4 S®:©*^?fe c 4 (c ^ ©m 
«ftCT4«:|B*r*«E©e^Wa-ffc4©jl*lCHfiR*«8B 

[0034] mi&miix<D^m*'&'iicm>z : £x. 
o<4. *«©ii^*^brc^mm?fe€^tfigs!© 
#mrifeX«^a©mmftfeK titi r «. $> -s K*&a«c*j t » 
T«E«««i»«:(ST-r4. C©mE©^fb©{±^T(J. m 
3R*W#XKS*ti*K«©«K4. 3»«l«»s©JS* 



(6) 

9 

K«fcor«?ar**3R©««:J:or**4. testis 

i^fm#xcc$gns$*©?£K<t;fc^w#'x©?* 

T6WUK)*aM>Ma#£C. ±1H© J: -5 fcHEE©^ 10 

-S„ C<Dtc#>. ±§2©J:5fC^K©^b*6:*#fc7KsR 
©t§7&fi#\ IE^B$CCteW £7k£©il6?^&ffix 

«c. ^iSffl^©mm?ife<D^-rn^cc*s^rx«^te#^ 

{oo36] 3 iBttoA^u. mtm i x«t»* 
«2E*6©«sft«ifc^ * v *©»»f*ffi{c*j«,»r . iris 

[00 3 7 ] feLh©<£ 9'ttM*9(3etl0ft9i'Ct£. * 

k J; 0 ^mffittfti t tt o . x $ 9 *©»fltaiffi«(c3t 

30 

[0 038] if»5jO! 4 iet8©*W«. ItJR^ 1 ~ 3 ©(,> 

-rn*> 1 ^«ciais©jB*£l«?fex i/©^K^ffi«c*>a> 
msmrt?. <D*mt ©siseo&g&s-c* 9 . B.-oB!rie 

SS^W#X©0. 1 %VCTX'$>ZCtZW®Lt-lrZ>. 
[0039 ] W±©J: ; 5%ff^4falS©^-c«. & 
5P^W#X«:^$ft£S^©igg£0. \%MTt?2> 

^ftgfijs©^{4©±^?rW)*ii-r^c<h^-c§. si^sg 
*5?gs? - swan,, tt^asuytft (f> * y >y> -rs 40 

[0040] 

-rs. a**. 04«:^L/fc^*w<ti5i-$fca*tj^-r^ 
S^icoJisi-ff^Wur^©^^^^. ccr-tt 
Sttaapatcon-c©**'**. *fc. Hid*, **f4 
ii 7. (te<fc£>'*5g#W#x) iffiMBW*/* (teJ:?>*B§Sg 
) X $ -y 2? 2 F*9-CI5I— tflfiJCCftgtiS 
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7it. S4S«:7n-r<fc-5fcair^«ciS^-r€>^ , |S]{cg£n 
3. for, sicctec^r«. *'x7^-iPF5, te 

mob* 2v?2 i*. ss&fb i/T i mommik 1 ©*£^ 

i. #x«MK3avfMi«4««RMiii-r«c&(c 

[0041] a) mi ommoy&m 

tcttfc?*, — xomm<oftm* . m 1 <Dmm<Dmmt u 

[0 042 ] ( a ) » 1 ©^©^ffiOgBpfflfcitti 

mi tcsfo-c^Bj-rs„ -r&t^. ******* 9 

2 (tteW -5>$tf4ffi 1 a fctt. timrtxmi&'g 1 1 Rtf 
SlWgl 2«3ntl^„ *R*4#*0U&*1 lie 

Si 3tc«. Bl^k»i|#^©ett&«ior. ^«4^^ 

[0 043] £/<:. l(t9I*'Xft^f 1 3 (C». -e©rt 
^^^^^©ffia^iigp-r-S^SPgij^f 15 i. 

x©^a£ftffi-rstftatf- 1 6*ig:w6nrt,^„ -eo 

r. itSftl 6tCtt3B&£ff2 0*sg!^3n-C^S. «e 

aiti 6tcj:-5rn-aii3tifcii£si(i». mimtzmmc 

$ P»{C. M<fcJW*f^tt«S« 1 3 Ktt. «J»# 1 7 *»W 

1 8 ic«. mm^m*}7<Dm^mt l 
r. o. i%©^^^tcig^ufc^x4Anfc^x 

10044] -^r. jBS»syfexfy f 2^e>roo as n 
tcAmmut. mmms l^/ro. HBS3 2*er-f 

>^--3f-3 3KJ:0 3£SKSiffi«cgEgSSn. H^LttC* 

i? 9 * 2 -C«£r ■SWEEtlHWr 4«ffiH- 3 
4 *ss*4®fex $ y ? 2 ©MSraics.^3 nr t>3„ 
«SBEit3 4-Cita'JSti/cSaE©iB«. ialS«g2 0«:j|| 

en. c ©teii«g-cft!fp B wag{b^ieis $ nztm t 
[0045] ( b ) n i <Dmm<DB&(oftm 

Ale . ±2i©^.f4m?lk^m^g * ffll, » fc*Kas©0» 
[0 04 6] ®^f?ihA^6^^W*'XRO'7k*^W 

^'x©et*&*r- 



XL 

1 CC^cfc 1 7 B»ifcm^fltt&« 1 3 K 

•So *fc. gfi&1S3 2BEBWtfc«tC**fc». ttfttttt 
X* vt>2 . miiiLl§3 1 . -Y>/<-*-3 3&CW»© 

[0 047] «±©J: Stt«*4Wfe»«*HCc»ur. 

©;RSi4;tfX£{tt*aLT. WK-fbS«J#X* 
[0048] C<D£ *> (Cfiffili!fc&%-$-SEg£H < t . 

(STL. ffi«M»Oii«W%ISHtrS*Mt©lBT*«a 

B. ^#*#XK£**iSI**©««*0. 1 KWT 
iticiKJ:*). ttf t!W«©«tt©±*36*««W § ft 

[0049] fel±© <fc "5 CC#«*»± 1 

7^f)gxr. Kfkin^ftMVi 3KKXdWtfx 
£«sA<*tJ\ B{kffJ&l bKMSRdW^X«0tt&-}-4. . 

[0 05 0] ®|fe^«EE©«lta 
feLh© J: 5 KBHfcSMi 1 b b . «B 

E =»E Q + (2. 3 RT/2 F) 
= E Q + (2. 3RT/2 F) 
+ (2. 3RT/4 F) 
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* *4« l a 4 i . JBFWfcx f » 

5>2tc*st>rsEA*3S£-r-s. -e-ur. &*4®fex£? 

v * 2 jcewft-r *»3R*fr #^©«t&«*SE<ts #s 

[0 0 5 1 ] M*.l*. #*»lffl^fc»)0. 6-0. 8 

«c4i*ffi.*.*iHcfiT0-C. *liliaft;0 0. 1 

[005 2] C©<fc -5 feK^SW^^©flW&S«SSfi«- 
1 6fC«fco-CfflIS3ft. l641EttSBt3 4Kotot 

S'jssn-s. -en6©i»]^faBieis«g2 occaten. 
— ShsPeS] <r i «ci m s ti & . c © «fc 5 tctaia s n fc$?3Si 

[0 05 3] ®IS3t^W#*©fftl&S£«I<!:^{b©W 

r. msrife-c^-rssEEB. 

Or. mm?lk©a]g=£T. **£*TX/XEfi©*jRi*l£* 
C . K3RSW^*0»3RailS*Coi-rS<!:. 

[0054] 

no [»7] 

log CC B .Co" 2 ) 
1 o g (C H ) 

log (Co) -357 



CCT\ E. B«*f|3S^<!;B?Bn. 2 5*C©<t*l. 

31 (J/mol -K), FB7 7 7f-S 
^[-C9 6 4 8 5 (C/mo 1 ) -C&-2> 0 
[0 05 5] tctcL. m&tCfflM&mt. E. «1£ 
filJ: 0 4>15C^. C C ■CBSE©SEfb©*a'J3t3 <itiW 

^t^©-c. E 0 ©af&(@i©jit»Bas"CB'=c(,v (> $ 

(log (Co) ) K»t5SEE©M#tt2. 3RT58 

E = B„ + (2. 3RT/2 F) 
+ Cb + 2. 3RT/4 

zt-tz. c©ftg#ccB. ±ta©ct *> tcjgf b^jg i b «c 



^■rsaiiEiOBi^ccfctsr. s?js©>?t85:i ogiK 
M-r-5miiE©{s#) cc«t«fb/«r». fie-^r. nnwtc 

40 ^*©^?mc„so^#w^xcfi©^^isco 

<b©K^B. ^8©cfc-5(C*3tx4. 
[0056] 
[3£!t8 J 
L o g (C H ) 

F) log (Co) "^8 

St. ^fbSffil bicPJ&$nfc@^^W*'XCD^A^ 

[005 7 ] ii^L-r */c*^©^a*i. ^fb^lS©!^ 

jRtsiB-r s <t -r s i . m®&©^fb?fii*'xmn(cte^ 

50 SK^ilSCo"' B. IBRSfl*fX«t>OMSRilft*C 



(3) 
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13 



14 



C o 



out 



(C o in XS-L/2) /S 



[0 0 5 8 ] 
[«9] 

[0 0 5 9 ] 
[«10] 



■3:9 



E = E Q + C2. 
+ (b + 2. 



3 RT/2 F) 
3RT/4 F) 



I o s 
I o g 



(C„) 
( (Co 



in 



X S-L/2) /S) 

—sci 0 



±82 (53U 0) (CfoO-C. Co ,n xS^L/2CD<i:lr« 

^**5^r Tkfg i ©sitae J: o r <**i . SEft^JS 6 

m.tt£->X^Z>tclb. 0. 1-0. 2 VggOlE** 
[0 06 0] ftfc, ^ax y-^*s^G"Cl»5ct>«#{C 

jja©j:5ttWEE©a{ba*«jg3*i*. c*i«. ?k 
<fc». esafi©^ta^';-^*iSfeoriiS©iig«© 

Office «fc 0 &ti>fc # n x y — 4»{cj:s .^©iSjSlS^ . 7 



lO*^A5&66tifc±IKi8 (IE?P#©7ksg©ii8lfi) 

[0 06 1 ] ffi*^©ti?SS©»tB 
H 2 KmtJ: 9 fc«*SW#*eM&*£*JE£©WtSa» 
6. *sR©tg&«L£5j<5!)SK:«:. WTOi^WS. 

[0062] mhmmicte. ^20{c*ji>r. sii^. 
tttc<gTT*&*4>raesff*fxtttt*s c career* 

«. (SCI 0) A^^SJ^iC. C o ,n xs E = L/ 
2T*S*>8. 8W.£tf#*'t>©ft«i«S£S e ©ffl*» 
6. «&SL©fiI#S3j<«>6nS. 

20 c 0 0 6 3 ] *fc. ea&as, ©££©m 

EEE t i. ttfSSS, ©i^©mBEE, 

(sci o) io. 

r«5r 1 1 1 



: 1 " E 2 
= Cb + 2. 



(C o in x S 



3 R T/4 F) log 



-L/2) /S. 



(C o ln x S, 



-L/2) /S 



2 



&ScSA>6. (SCI 1) &jgl>r®£fiL C£ 
#r-#S. 3e»KiESg{c*«>Sfc«f>K:« v I2iOilt 30 
tt*«C. LfcJ^'E, *S»4Ur. (SC10) 

-eor. «±©J:5cc*«>6*ifc*fR©iB& 

£jBx.rt>s ttrtc. ^axy-^#|S£0-Cl>§£« 

[00 64] < c ) * 1 ©*6t©JB«©3»* 
liLh©J: 5 fe*3l«fi©^.«©JS!)*«. £IT©»*)-C* 

•So -r&*>£. ^'x^a^hy^7i?©#»^g^ 

gitf-Tit. ^ax y-i7{cJ;S?K3^©iiaa^ai-C 40 
#S©r-, *axy-*©#^%sgj|tctfc*irrsc<!:a* 

[00 6 5] Jftl4»,ttltf8l68C<::btf& * 

fcijZ<DX2.&£. 0 t, > -5 K r S A\ * 5 1- » KJBffll 
©fI$I1££|3]±3-t}-S Ci*T# -S. 

[0066] s/c. fi«r«»«:{t-riai&«:n 



•5. 

[0 06 7] 3 6K. S«d«^«:#*ti*BBR©i* 
tt#0. l%i)Ecr>rc»S©"C. Jl^rmS£*SSf UK* 

wac-r 5 c <t cc I* ^ »{tJW«©*a©±»*«KM 3 ti 
So o/c#o-c. a#«4s«A^« -swaio. ttwe 

*fb (f>jry>$0 TSC<bK:j;S#ttfgT£|i>Kc 

[0068] (2) mz<Dmmv>mm 
«raaai2 iet8©^-c*s«»wm?feiim»ig©^Bf^ffi 
«ca*i&r s — -xommoftm* . jh 2 ommmrn 1 0 

[0069] ( a ) mzvmmvBmvmmzmtftz 

ST. #Sa£©Jl5agKfflt>**R?4*?fe!&SgS©— ^ 

zimmm$£mm&£ isi— ©a*f cc«h— ©rre£ 

f^Or^tJ-g-gs-^-^^ j8«m?&X if y * 2 

ic^ip«4^jfA3nrt,»So c©^*n^4 i^*n«4 



(9) 

15 

<t©ra©aaiH<o*** 1 Rv#z.ftmm3 omz. 

5Tf &mEM-3 4*sg:W<=>4Tr(,>£. 

[0070] ( b ) m 2 <D9m<Dftm<Ditm 

[0 0 7 1 ] i-T. *»dOl«ffl*©#*iifel 

<t*)iita-rs. aisr. &#wifei 

«si^¥ccei^sns©-c. HRfsi-wfex** ^2^ft«c 

[0 072 ]^Lt. lfn©jl|SS©ff$?»e£|5]*§(t. 

K3R#w*^©ey&fi«ssfin- 1 sectoral 

rii c<h©B^^w^x©et*&a*iffm3n5. 20 
x # ? * <r £ ©n£SEX«<i * ©musife 1 <T £ ©;&£ 

«Ett. «BQH-34CC«fco-caiJ3ESn-S. S^^X^-y 
?C£©X«d*©iiSyth 1 C£©B?«#W*'^«.*&* 
S 2 OKiS 6 *i. -5£BS|Hlc:£CC 

f a«* $ n s . c © <£ -5 cttais 3 n fc&ss^w #x ©«$& 

a £ #6^«E £ ©B8 (fc©^ WttSEf fc 9 5 7 *s , 
02 £|5]&fC7n3ft&. 

[0 07 3] **»*M^»:tfX«l&St<t3S£«EE£© 
P4^ccS-^c»r. ±E©*i©3S&©«»£iai««:. & 

^:/X*5>*c:£©XB<l*©$HS?felC£©*3J©JB 30 

aat**at>*. or. c©£5 ceo ?cii?$s 
a*. ^«t>^et)P>nfc±K(a rnfct *xb 
#m?tk i ©iE^sj©*«©ti?ss) *jB^.-c(f>*if^ 
$ » 1 ^ir^x 3? ? *© 

i>-rna>©$is?fe 1 XBS&¥«ifc 1 (cfet^r s» ax y 

-**i2S£OT<,>S£¥!l»r;**i£C££&-S. 

[0074] ( c ) m 2 commvBmotfhzk 

•5>„ -Tftto^. ^l©^SS©ff^.£|5l^(C. 

Y9vym<Dmntmm.^sLmtM-rvi. *n*y-* 40 

«:j:^*^©iiffifi^aj-c#S©-c, ?nx'j-?o 

[0 07 5] ?axy-?©#£££. ffl*©-»f 

^C£{CX«fl*©^m?tfel C£tCtfcfcrr-5C 
£#T-#S©-C. £*©ijiS^&Ctet,>rM3i;#£Crt>£ 

^BSMttJC'W^x-rs^JcjrO. iE^J5:#S?ife 1 © 
*<C cfc -? r«tt*fife**gsi©MiK*3 ISttSfr -5 c £ 
#r-^£. 50 
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[0 0 76 ] jBSftSffeX £ ? 2 fimnzft-ix 
(,>££#CCB. (l^©#S?tfel Wot, &SC>Blo 
©#^rt ©¥ffi#i8i©ffil©«»c «fc -> "C . fi^fcn 
&£.C-a.*Z. LfrL. *jUS©^.?:IIS£T^iS^ 
B. SI 1 <omM<OBBtm^K.. Wfa&'ft ^mic^Mm 

? ^2©iaKBB«-«icffiTU-ct,^. 
r. *&fsf«Tfex * ? *2©ss:#— stc&o. inse^m 

[00 7 7 ] ( 3 ) fb©XJi©^fll 

*hwb. «±©«t ^ feUjgo^ssfcESs &©r 
«&<. ^ffl3nsssw©^fi. aa. m&o^mm 

BjOKEUffi-C*4. 

[0 078 ] WxH. ifBOHjfiflWBJBKJat^rB. SS 
3g#W#X JCfcW S SfCtWitt 0 . 1 % V$> tc 

*«. o. \%^xr-cs>nvs.m<Dm-a>^K kjr 

[ 0 0 7 9 ] *fc. j^f4@ 1 a (C«^3nS*JR$W^ 
XB. »StCfflt,»Sj».*4**X*ffll,i-C4>, *-5C»B*'X 

14^X£*^£©®^*'X^ffll,^r'fe.«fcC^ C©*^ 
W*fXtfi©.7k3S©?gSBiSt»^* 5 . f P.X U - r, 
r c^/c^ccB-e©iJSA^^ t»©-c ?ax'j- ^©fei 

[0080] ±Ko*»<DjK»«:*jt»rB. mmcomm 
ib^i® i b ^e^^xRomft^wx^^jwecsfm 

Sifrc^c. 0^0. ±ia©J:'5(Cj^$4*'XB-e©$S 

[0 0 8 1 ] *fc. ±SB*lt©«3»r«. ^^.^^ff 
±S«r«5»«*^ * » f 2©jaa?:(£T5-t±fcft«:l^ 

Br^fo-cofc. cnu. imw&x * -j ? 2 ©ias* 

-m{cT^.c£5cj:«3. «J«g«**$ffi3i*. ^tBfii 
©iE5i ; S:W-r/'c5!>r-*^. LfcfriX. i^4n«4©^iS 
^>»<«©tttg*iS*4^©X*{c J: oa«3&*ffiMB«:j: o 

T^iUjti'i^tnti. aiso-ci,^£#©iaK© 
SSr^W^Tf or >ite. ^axy-i?©^aj 
Bfia^iSc^^ar-*^/!!*. iiesajcj: s^»f 
©^i'axy-i'W^tti^g^i^s., (IU 

satc^^, £*®&©M^Ji©^ft-^ y >m<DBM^& 

[00 82 ] 3 e>fC. ±IBHifi©^Sg©>Ft^£ft ofc«S 
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[0083] 

fcU:©J:5tt*»?HKJ:*itf. 
[0 0 8 4] *fc. #iM8Ccj:fttf t 8@»©#*»c:<fc 

[^ l ] 1 <DftttO»fll«:J:&iim*ttx * 

im 2 ] m 1 cD^srtfe^s«accfc^^j^f4m?tfcx > 

& 0 *30 
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[13] ^miom 2 ©jBteoflgftec <t s «*4«rftx * 

[04] — y ^^jK^Wfto^wsr^-r^Ji? 
[^<7>iftW] 

•■HWWxSftMf 

•we*? 
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32 HQS 



33 <y>^9-~ 



15 um# C^K, 
19 awf^s^Ji^ 
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